Through the analytic solutions of the Bogoliubov de Gennes (BdG) equations the effect of a static and homogeneous magnetic field applied parallel to the interface of an NIS (N: Normal metal, S: superconductor and I: Insulator) junction on the differential conductance is calculated. For a d xy -symmetry we obtain zero bias conductance peak that can be split by a magnetic field. The shift of the zero bias conductance peak depends on the spread (β) of the tunneling electrons in k space, on the magnitude of the applied field H and on the ratio between the Fermi energy of the superconductor and the normal region, E FS /E FN . Finally we estimate the minimum value of the magnetic field, H min , that splits the zero bias conductance peak. In general H min depends on β, E FS /E FN , the strength of the insulating barrier Z and on the temperature T .
I. INTRODUCTION
In high temperature superconductivity different experiments have been interpreted assuming a d-wave symmetry of the pair potential, see for example [1] . A feature of d symmetry is the zero-bias conductance peak (ZBCP) observed in tunneling conductance in NIS junctions [1] - [6] . The ZBCP appears when the angle between the a axis of the superconductor and the vector normal to the interface is nonzero; it is a maximum when this angle is ±π/4, (110) orientation. This peak is due to the formation of the zero energy states (ZES) that are originated by the Andreev reflection at the interface; it undergoes a difference in phase of π due to the anisotropy of the pair potential [7] - [10] . Different experiments have shown that the ZBCP can be split due to application of a magnetic field [2] - [5] . From numerical solutions of the Eilenberger's equations, it has been shown that the effect of the magnetic field is to produce a shift of the ZES proportional to the applied magnetic field [11] - [12] , other experiments show [13] - [14] that the effect of the magnetic field is to decrease of the heigth of the ZBCP. In this work we solve the BdG equations for this system and show that the splitting depends on Z, β, χ and T, The above mentioned experimental characteristics are explained in this work.
II. THEORY
The quasiparticles in a superconductor are described by the BdG equations. For steady states and anisotropic superconductors these equations are [15] 
where H e (r 1 ) = (−i ∇ − eA(r 1 )) 2 /2m + V (r 1 ) − µ is an electronic hamiltonian, with A(r 1 ) the vector potential associated with the magnetic fields present in the system, V (r 1 ) the scalar potential and µ the chemical potential,∆(r 1 , r 2 ) is the pair potential, u(r 1 )and v(r 1 ) are the wave function for the electronand hole-like components of a quasiparticle. The insulating barrier of height V 0 and thickness d is located in x > 0, this barrier can be modeled by a delta function, V (x) = U 0 δ(x), where U 0 = V 0 d. We concentrate on cuprate superconductor junctions. It is supposed that the quasiparticle moves on the CuO 2 plane with the a and b axes in the x-y plane, the interfaces are normal to the x-axis, see Fig. 1 . The Fourier transform of the pair potential is modeled by
where R = r 1 − r 2 , r = (r 1 + r 2 )/2 , Θ(x) the Heaviside function and ∆(k) is the pair potential that undergoes a quasiparticle with momentum k, for s-symmetry ∆(k) = ∆ 0 and for d x−y -symmetry ∆(k) = ∆ 0 sin 2θ s ,where θ s is the quasiparticle angle in the superconductor region θ s = sin −1 (k y / |k|). The magnetic field H, is applied parallel to the z-axis, therefore the vector potential can be written as A(r) = A y (x)ĵ. We consider the situation of a high Tc superconductor where the coherence length of the pair potential ξ is much smaller than the penetration length λ of the magnetic field and approximate A y = −Hλ. As the potentials depends only on x, the solutions of the BdG equations can be written as ψ(r) = e ik y yψ (r). Considering an incoming electron from the normal region, the wave functionsũ(x) andṽ(x) are given taking into account the in the Andreev approximation [15] by
wherẽ
The wavenumbers k FN and k FS are determined by the Fermi energy in the normal and superconducting regions respec-
The quasiparticles with k
and k − − wavenumber move in the pair potential ∆ + and ∆ − respectively
The effect of the magnetic field is an energy shift that depends on k y and H. One finds a, b, C and D using the boundary conditions in x = 0. The electron-electron and electron-hole reflection coefficients are respectively, R e = |b| 2 , R h = |a| 2 .
III. DIFFERENTIAL CONDUCTANCE
Using the model developed by Blonder et al. [16] the differential conductance for an angle θ S and for T = 0K is calculated from R e and R h coefficients as
withΓ
σ N is the differential conductance when ∆ = 0 (NIN junction), Z is the strength of the barrier and θ N is the quasiparticle angle in the normal region and is determined by the momentum conservation condition in y direction
Firstly the case of χ = 1 (θ N = θ S ≡ θ) is analyzed. The relative total differential conductance is found by integration in the k-space as
where
and β is related to the spread of tunneling electron in k-space, it is given by
It is important to note that the insulating barrier is characterized by the parameter Z and β. If in the equation (6) H = 0, our results agree with [7] - [8] . When H = 0 the differential conductance σ S (eV, θ) has a shift given by V A (θ).The Gaussian distribution, e −β sin 2 θ , diminishes 99% for a angle given by θ c = ln(100)/β. The maximum peak energy shift is determined by V A (θ max ), where θ max is the maximum angle for which an electron tunnels the insulating barrier. This angle is
The maximum value of V A is max{∆(θ)} = ∆ 0 , therefore the maximum magnetic field is
with H c the bulk critic magnetic field. The average shift is The average shift δV is strongly affected by β , this behavior is due to the fact that as β increases, the tunneling cone diminishes and therefore the shift energy decreases. Fig. 2 shows σ R at different values of β, the splitting of ZBCP increases as β decreases. In the inset of the Fig. 2 it is contrated the average shift obtained in Eq. (14) with the numerically value. Fig. 3 shows σ R for different values of H with Z =3, ZBCP is split and the shift depends on the magnetic field and β, as shown the inset of Fig. 3 . Fig. 4(a) shows σ R for different values of H with Z =0.5. Is observed that beyond some value the magnetic field ( H min ) the ZBCP is split. This value depends on Z and β as shown the figures 4(a) and 4(b). For an estimation of H min one can compare δV with the width Γ 0 of the ZBCP. For an angle θ, the width is given by
Averaging over θ the width is approximatelȳ
As β increases ,Γ decreases, this is because the tunneling cone decreases and therefore average gap diminishes. The splitting appears when δV ∼Γ/2, from this relation we obtained H min
with p ∼ 1. H min is independent of β , this is due to the fact that as β increases, the width of ZBCP decreases but also δV decreases and these effects compensate each other. It is important to stand out that although in this case H min is independent of β, H max depends on β. 
where θ m is the maximum angle in the superconductor, forχ < 1 , θ m = π/2 and for χ > 1, θ m = sin −1 (1/χ). If βχ 2 >> 1 from Eq´s. (10), (14) , (15) , δV andΓ 0 are
In this case H min and H max are Finally we study the differential conductance at finite temperature, in this case σ R is calculated from
with f (E) the Fermi-Dirac distribution function at temperature T. of Z. The main effect of T is to increase the width of the peak to H = 0 and therefore to increase H min . In order to analyze the width of the ZBCP we considerer first the case k B T <<Γ 0 , we find that width of the ZBCP is
